Lipid and fatty acid composition of chloroplast thylakoid membranes was determined in two varieties of wheat (Triticum aestivum L.), the hardy Miranovskaja and the sensitive Penjamo. Plants were grown at room temperature or under frost hardening conditions (1.5°C). Changes in lipid and fatty acid composition of the isolated thylakoids could be related to the temperature dependence of light-stimulated proton uptake. Changes in the thylakoid phospholipids upon hardening of the two varieties did not show any direct relation with low temperature tolerance of light-dependent H' uptake; neither did changes in phospholipid fatty acid chain lengthening to 20 and 22 C-atoms in combination with increased desaturation up to 6 double bonds. Increased low temperature tolerance of light-induced H' uptake by hardening was correlated with the following glycolipid changes: maintained glycolipid level, a proportionally increased digalactosyl diglyceride fraction, a decrease in thylakoid monogalactosyl diglyceride, increased sulfolipid fatty acid chain lengthening (20 and 22 C-atoms), and increased sulfolipid desaturation (4-6 double bonds). We suggest that the above mentioned changes in glycolipids have adaptive value for low temperature tolerance of lightdependent proton uptake.
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proportionally or remained unaffected in some species/varieties (frost-sensitive wheat variety [17] ; pea and spinach [1]), whereas in the thylakoids of other species an increased DGDG/MGDG ratio was observed upon hardening (frost-resistant wheat variety, [17] ; pine, [12] ). Taking into account the different physical structures of DGDG and MGDG (14) , analysis of a possible adaptive value of the observed changes for survival and functioning of chloroplasts under freezing conditions seems warranted.
Another physical factor in functioning of chloroplasts in hardened plants is the phase behavior of the chloroplast lipids. Of the chloroplast lipids, only phosphatidylglycerol exhibits phase transitions at room temperature (chilling-sensitive plants only; [11] ). Changes in chloroplast lipid composition, induced by hardening the plants, may be accompanied by changes in phase transitions of chloroplast membranes and a possible adaptive value of such changes should be evaluated.
In this paper we report on the lipid and fatty acid composition ofthe thylakoid membranes oftwo wheat varieties ofcontrasting hardiness. The results are discussed with reference to data on the functioning of chloroplasts of the same varieties (17) .
MATERIALS AND METHODS
Frost hardiness of plants depends on the physical structure of plant cell membranes: properties of the plasmalemma will determine to a very large extent death or survival of plant cells under freezing conditions (16) . It seems likely that also in other organelles, such as chloroplasts, damage may occur during freezing (13) . Chloroplasts may contribute to the freezing tolerance of the plasmamembrane by the provision of metabolic energy and material such as sugars and lipids. For these reasons a study of the role of chloroplasts in freezing tolerance of plants is appropriate (17) .
Functioning of chloroplasts will at least partly be dependent In every experiment, low temperature tolerance of the lightdependent proton uptake of the thylakoid sample was measured as well as cold tolerance of the leaves ( 17) .
RESULTS
Light-dependent proton uptake ofthe thylakoids ofboth wheat varieties was determined. Hardening of the plants resulted in increaed low temperature tolerance oflight-stimulated H+ uptake in Miranovskaja but not in Penjamo. Actual data of these experiments are given in Vigh (17) .
Phospholipids. The level of PC in the thylakoids increased after hardening of the frost sensitive Penjamo (Table I) , in agreement with numerous observations in the literature. On the contrary, in the thylakoids of the hardy Miranovskaja the level of hardening at 1.5°C increased the low temperature tolerance of the light-dependent proton uptake of the thylakoids of the wheat variety Miranovskaja. In thylakoids from unhardened and hardened seedlings, light-dependent proton uptake was reduced to 80% at -6 and -10°C, respectively. In thylakoids from Penjamo ApH was reduced to 80% at -6°C, independent of the hardening procedure (17) . As expected, the hardening treatment resulted in a greater frost tolerance of Miranovskaja than of Penjamo, the temperature at which 50% of the leaf cells were killed, being respectively -16 and -8°C.
Because of the genetic differences for low temperature tolerance of light-dependent proton uptake by the low temperature tolerance of light-dependent proton uptake by hardening are noted, serves in this case as a control: the observed changes in lipid and fatty acid composition merely reflect a change in lipid enzymic activity without significance for temperature dependence of light-dependent proton uptake or they may represent degradative processes. Considering the tolerance of wheat seedlings to a prolonged period at 1.5°C, the latter explanation does not seem likely. Changes in lipids of the thylakoids of frost-tolerant Miranovskaja by hardening (which are not observed in Penjamo) may contribute to low temperature tolerance of light-dependent H+ uptake.
Differences between the two varieties, as far as the effect of hardening on thylakoid galactolipids are concerned, were striking: in Penjamo the total glycolipid level was decreased and the proportions of both galactolipids remained unchanged as was also observed in pea and spinach (1). In Miranovskaja the total thylakoid galactolipid level was maintained during hardening and the DGDG fraction was proportionally increased, as was also observed in pine (12 (3) . It may be argued that under freezing conditions PC from a cytoplasmic pool is transported to the plasmalemma to replace plasmalemma PC which has been degraded by freezing-induced phospholipase D-activity (5).
The data do not support the hypothesis that 16:1 (3-t) fatty acid in thylakoid PG is essential for functioning ofthe chloroplast under low temperature conditions. The lowered levels of 18:2 and 18:3 in thylakoid PC and PG upon hardening of the wheat seedlings do not relate to the role these fatty acids are given in chilling-resistant plants (9) .
A remarkable fatty acid chain lengthening of phospholipids to 20 or 22 C-atoms in combination with increased desaturation of these fatty acids to 4, 5, and 6 double bonds is observed in hardening plants of both varieties. No genetic differences are evident. Possibly such changes may relate to other thylakoid functions than light-dependent proton uptake or reflect stimulated chain lengthening activity and increased desaturation activity during hardening. Increased elongation and desaturation of fatty acids may be ascribed to a longer availability of substrate for fatty acid elongation and desaturation due to inhibition of transfer of acyl groups from the acyl carrier protein to phospholipids (2). Murata et al. (10) suggest that extralong-chain saturated fatty acids observed in leaf phosphatidyl serine represent precursors of epidermal lipids. Genetic differentiation for fatty acid chain lengthening in combination with increased desaturation was evident for thylakoid SL. Chain lengthening was much more pronounced in thylakoids from hardened Miranovskaja than in those from hardened Penjamo. Such extralong-chain fatty acids in the thylakoid SL fraction could contribute to low temperature tolerance of the light-dependent proton uptake; SL itself is the most effective lipid in protection of chloroplast coupling factor to low temperature damage (8) . The above observation also is in agreement with data on early spring plants, which show a direct relation between SL esterified with fatty acids of 20 or more C atoms and growth of the plant at low temperature (6) . Further interpretation of the adaptive value of the thylakoid glycolipid changes in low temperature tolerance of light-dependent proton uptake is only possible when the presence of these lipids in the thylakoid proton channels has been established.
